Abstract. Mg-based composites are fabricated through mechanical alloying (MA) the Mg 65 Cu 20 Y 10 Ag 5 amorphous alloy spun and mixed with 1-5 vol.% spherical nano-sized ZrO 2 particles in the planetary mill, after then formed by hot pressing in Ar atmosphere under different pressures at the temperature 5 K above the glass transition temperature (T g ). The microstructure characterizations of the resulting specimens are conducted by means of XRD, FEG-SEM, and TEM techniques. It is found that the nano-sized ZrO 2 dispersed Mg-based composite alloy powders can reach to a homogeneous size distribution (about 80 nm) after 50-hour mechanical alloying. After hot pressing of these composite alloy powders under the pressure of 1100 MPa at 409K, a 96% dense bulk specimen can be formed. Throughout the MA and hot pressing, the amorphous nature of the Mg 65 Cu 25 Y 10 Ag 5 matrix is maintained. The hardness of the formed bulk Mg-based composites (with 3 vol.% nano-sized ZrO 2 particles) can reach to 370 in H v scale. In addition, the toughness of the formed bulk Mg-based composites presents an increasing trend with the content of nano-sized ZrO 2 particles and can reach to 8.9 m MPa .
Introduction
Recently, Mg-TM-RE (TM: transition metal such as Ni, Cu, Zr, Zn; RE: rare earth metal such as Y) alloys are reported to exhibit the tensile fracture strength of above 800 MPa [1] , which is about twice as high as the highest strength for conventional Mg-based crystalline alloys. These alloy systems also show a large supercooled liquid region (more than 40 K) and a high glass-forming ability [1] [2] [3] . However, since the inherent of lower stiffness and lower workability are limited the application of magnesium alloys. For increasing the yield strength and workability of the magnesium alloy, the most effective way is grain refinement accompanied with dispersion strengthening by the nano-scaled mechanism [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The Mg-based amorphous alloys with the highest glass-forming ability have a great disadvantage leading to embrittlement upon elevated temperature aging. The improvement against the aging-induced embrittlement in the maintenance of high strength level has strongly been desired for practical use of Mg-based bulk amorphous alloys. And the effect of Ag to Mg-Cu-Y system has been reported to have high glass-forming ability and high resistance against the aging-induced embrittlement due to the large atomic size difference between Ag and the constituent Mg, Cu, Y elements (favourable to increase the atomic packing density).
In order to synthesize a homogeneous nano-dispersed Mg-based composite alloy (which contains nano-sized thermally stable oxides and nano-grained/amorphous matrix) with high strength and the least contamination from the container of processing (such as milling vial) , a new combination process route of the rapid-quenched melt spinning and mechanical alloying [15, 16] is employed in this study. The process includes mechanical alloying (MA) the rapidly quenched pre-alloyed Mg-Cu-Ag-Y spun with the nano-sized thermally stable ceramic powder (ZrO 2 ).
Experimental
The CuY alloy ingots were pre-alloyed by arc melting in an argon atmosphere. Then these CuY alloy were melted together with Mg and Ag pieces by induction melting and melt-spinning under argon atmosphere to obtain Mg 65 Cu 25-x Y 10 Ag x （x = 0, 5, 10） alloy ribbons. The melt spun Mg 65 Y 10 Cu 25-x Ag x alloy ribbon of about 0.1 mm in thickness and 5 mm in width were ground into powder and then mixed with 1-5 vol.% nano-sized ZrO 2 particles (average particle size is about 180 nm) in a planetary mill under Ar atmosphere. These mechanically alloyed composite alloy powders were pressed into a disc with dimension of 25 mm φ * 5 mm t at temperature of 409K (5 K above the real T g ) and pressure of 1000-1100 MPa in an argon atmosphere for 10 min. Thermal properties of the as-quenched and as MA samples were characterized by TA Instruments DSC 2920 differential scanning calorimeter (DSC). The microstructure development of the as-quenched, as MA and as hot-pressed samples was examined by Scintag X-400 X-ray diffractometer (XRD) with monochromatic Cu-Kα radiation. The distribution of ZrO 2 dispersoids in the amorphous matrix of these composite powders and hot-pressed samples were examined by scanning electron microscope, Hitachi S-4700 FEG-SEM, with EDS capability and Philip Tenai G2 TEM with nano beam diffraction capability. In addition, Hardness of the sintered specimens was measured by using Akashi MVK-H11 micro hardness tester. The toughness of these hot-pressed composite alloy was measured by using Akashi AVK-C2 Vickers hardness tester with a load of 50 Kg. Figure 1 shows the XRD pattern of the Mg 65 Cu 25-x Y 10 Ag x （x = 0, 5, 10） alloy ribbons. A broad peak without any other sharp peaks was observed for each alloy ribbon. The result of DSC revealed that a clear T g could be measured before crystallization for each amorphous alloy, as shown in 
Result and Discussion

THERMEC 2006
In X-ray diffraction pattern，only a clear broaden peak and the ZrO 2 peak can be resolved，as shown in Figure 3 . This implies that the high energy ball milling does not cause any phase change on the amorphous matrix of these Mg-based composite alloy powders. After hot pressing of these composite alloy powders under the pressure of 1100 MPa, the density of all the disc samples can reach to 94 -96 % theoretical density, as shown in Figure 6 . In addition, the structure of these hot pressed composite alloy samples was revealed to remain an amorphous matrix
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by X-ray examination, as illustrated in Figure 7 . The TEM observation also shows that a lot of nano-sized ZrO 2 dispersoids embedded homogeneously in an amorphous matrix, as illustrated in Figure 8 -(a). A well bonded interface between the ZrO 2 dispersoid and the amorphous matrix of the composite alloy powder are shown as Figure 8-(b) . The average spacing between these dispersoids for the composite alloy with 5 vol.% ZrO 2 particles was measured about 300 nm. This is good agreement with the estimated value (260 nm) by space formula
, where l is average spacing between dispersoids, C v is vol.% of dispersoids, and D is particle size of dispersoids. The hardness as functions of ZrO 2 content under different pressure of these hot-pressed composite alloys is shown as Figure 9 . There is about 10% higher in hardness when the hot pressing pressure increases from 1000 MPa to 1100 MPa. In addition, the hardness increases rapidly as the ZrO 2 content increasing to 1 vol.% and keeps almost saturated value with increasing the ZrO 2 content to 5 vol.%.
THERMEC 2006
The highest hardness about Hv 360 can be reached for the composite specimen that was produced by 1100 MPa hot pressing, which is about 33% higher than the monolithic amorphous Mg 65 Y 10 Cu 20 Ag 5 alloy. Since the very large difference between the elastic modulus of ZrO 2 (200 GPa) and that of the matrix Mg-BMG alloy (50-70 GPa) causes a large elastic strain mismatch upon loading, stress concentration would be favorable to generate form the particle/matrix interface. Such generated residue stress may be the reason of increasing the hardness of the composite alloy. 
CONCLUSION
According to the result of thermal analysis, X-ray diffraction analysis, TEM observation, and hardness test, the conclusion of this study can be summarized as following:
